In 1881 Balbiani observed the gigantic nucleus of the salivary gland cell in Chironomus and recognized band-like pattern on the chromosome. Alverdes (1912) , however, stated that these chromosomes sometimes showed the spiral structure. In 1922 Heitz and Bauer and Painter observed the banded structure in the same material and confirmed by detailed researches that the bands were the loci of the genes.
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In 1948 Sinoto and Yuasa summaried various theoreis concerning the structure of the salivary chromosome published in 1933-1948. In this fifteen years about fifty papers have been published among which the gene-string theory is the most powerful one . In 1950 Fujii pointed out several difficulties about the spiral structure of the salivary chromo some.
The present author (1950) treated the salivary chromosome of Chironomus with the chemi calswhich make swell the matrix, for example NH4Cl, KOH, NH4OH or KCl etc. and con cludedthat these chemical solutions make clear the chromonemata after making swell the matrix.
He thought that when treated the living larva with these chemical solutions and stained with aceto-carmine solution the chromonemata became clear after the swelling of the matrix because the growth of the chromonemata and the matrix were in the unbalanced state and the matrix was destroyed gently. He also observed that sometimes two conjugat edchromosomes ran in parallel and, in some cases, they fit completely inside each other as a double stranded chromonemata and that the chromonemata often divided longitudinally at some portions.
The present author (1950) treated young larvae of Chironomus with 0.1% solution of colchicin or 0.1% solution of KOH, observed the detailed structure of the IV chromosome and concluded that the bands were the deformed figure of the chromonemata which coiled in the tertiary chromonemata. Sinoto and Wada (1950) pulled out the chromonemata with the micro-needle from the salivary chromosome of Chironomus, showing the spiral structure in some cases.
By electron-microscopical study Yasuzumi (1948) saw about 128 strings which ran along the longitudinal axis of the the salivary chromosome . On the other hand, Sengun (1950) studied the development of the salivary chromosome in Chronomus and observed that in the nuclei of the salivary gland cells of very young larvae the spiral structure was not clear, it became gradually conspicuous. Tateda (1947) saw a pair of two spirals in the salivary chromosome of Drosophila which might be the pair of conjugated chromosomes .
Summarizing the above-mentioned various opinions, there are two theories one of which advocates that the bands of the salivary chromosome themselves are the deformed figure of the chromonemata and the other one concludes that the bands are the raws of the genes which exist on the parallel strings derived from the original two chromonemata .
In the completed salivary gland the chromosome shows mainly the banded structure as stated already by the author (1950), so there remains the question whether the chromone matabecome directly the band being broken at various points or they divide longitudinal lyin succession to make the skelton of the chromosome .
The present study was undertaken to clarify the above-mentioned problem .
Materials and methods
The material used in the present study is Chironomus dorsalis . The author reared the eggs, make them hatch and used the larvae of various developmental stages as the material. (Fig. 1, j) . These strings were thought by various authors as the result of dividing of the chromonemata for many times. The present author, however, thinks that these strings may be the structure of the matrix which grows in unbalanced state independently from the growth of the chromonemata and is pulled along the longitudinal axis. In young larvae these strings cannot be seen so often in the salivary chromosome.
The so-called bands themselves are the deformed figure of the chromonemata, but the bands split longitudinally, in some cases, and show manystrings, running transversely or obliquely to the axis of chromosome. (Fig. 1, g, h ).
In the salivary gland cells of young larvae which are three days old after its incubation the nucleus contains 4 thick and small chromonemata which have a few coils respectively.
( Fig. 1, a; 2, c; Pl. I, a). Peshaps eight chromonemata in the nucleus conjugate two by two during the stage between the telophase of the preceeding mitosis and the early period of the salivary gland cell.
Why two chromonemata conjugate side by side can not be explained , but 4 thick chromonemata k-m, two chromonemata run parallel and are broken into the band-structure. n, coils of chro monemataare broken into rings and crushed. o, coils of chromonemata are broken into rings, some of which are extended.
are visible in the nucleus of the very young salivary gland cell which are thought to be the result of the conjugation of eight chromonemata, because this worm has 8 somatic chromosomes ( Fig. 1, a; Fig. 2, c. ).
As the larva grows the chromonemata become the chromosomes, having their matixes around them ( Fig. 1, 2; P1. I) .
The conjugated chromosomes become longer and thicker and two chromonemata seem to be one, conjugating each other completely (Fig. 2, h ).
Sometimes the conjugated chromosomes separate two in some portions (Fig. 2, k) . The chromosomes grows further longer and thicker, but the elongation and enlarging of the chromonemata do not keep pace with those of the matrix. Therefore these two portions of the chromosome are thought to be in unbalanced state. So the chromonemta are easily broken by a slightly external force and show the banded structure or are broken into rings which are crushed also into the banded structure. Sometimes two chromonemata fit inside each other completely and the bands seem to be two parallel bars, but in other cases two chromonemata run parallel side by side completely ( Fig. 1, e; Fig. 2, m, 1 ). Fig. 3 shows various states of two conjugated chromosomes.
The genes which have existed on the two neighbouring coils are separated far away, in some cases, as the chro mosomegrows and the spiral between these two separated genes contain no genes and is thought to be inert without showing no desoxyribose nucleic acid (Fig. 3, b-d) .
But the elongat edchromonemata shrink secondari ly,in some cases, and the two sepa ratedgenes once more approaches each other (Fig. 3, e).
The chromone mataand matrixes elongate and en largein unbalanc edstate, so the salivary chromosome becomes swollen form when the chromonemata ex pandstrongly and the matrix is weak, but the salivary chromosome shows narrow form when the chromonemata expand weakly and the matrix is strong (Fig. 1, f) .
The salivary chromosome shows the constant band genetically and cytologically; this is because the loci of the genes on the chromosome are constant, giving constant structure of the chromonemata, and because the elongation and breakage of the chromonemata follow to the definite struture. The salivary chromosome map are produced on the assumption that the salivary chromosome is banded structure, and there are no difficulties to support this assumption even when the band structure is thought to have changed from the spiral structure. THE JAPANESE JOURNAL OF GENETICS Vol. 28 Nos. 5, 6
Discussion
The spiral structure theory advocated in this paper is not concerned with the completed salivary chromome, but points out that the salivary chromosome has the spiral structure during its development and change into the banded one as it grows and that the bands themselves are the destroyed spiral.
This assumption has already been shown in the previous paper (1935, 1950) , and it is thought that the band structure is the result of the change of the chromonemata themselv es. Sengun (1947 Sengun ( , 1948 Sengun ( , 1951 also stated that the salivary chromosome changed its spiral structure as it grew and became the banded structure, but the chromosomes of the other tissue (for example, Malpighian tube, middle intestines or rectum) kept the spiral structure.
Concerning the structure of the salivary chromosome, various theories have been advocat edbut these theories are concerned with the completed chromosomes, but not with ones in development. The number of the salivary gland cells changes even in the same species and has no relation with the size of the larvae (Guarschi 1938 (Guarschi , 1939 . When the salivary gland is completed, however, there is seen no mitoses in the gland (Sengun 1951), young or old, so the number of the gland cells is constant in every individual.
Accordingly the cells of the salivary gland gradually become larger as the gland appro achesto its completion.
According to Sengun (1951) , the nulceus is seen homogeneous in the gland cell of very young larvae of Chironomus, and the chromatic .knots appear in the nucleus, which produce the spiral, arranging in pairs.
The present author advocates that four short and thick spirals are seen in the salivary gland cell of the young larva of Chironomus which has just hatched from the egg. When stained with ion aceto-carmine solution these four spirals are connected with matrix substance, often with anastomoses. The chromatic knots observed by Sengun (1951) are thought to be the portions of these thick spirals.
These four spirals are composed of two conjugated chromonemata. The conjugation must proceed gradually from the time of the telophase of the preceeding mitosis when the matrix fuses with karyolymph and also the existence of various ferments may have chang edthe nucleus into the same state with synapsis. The viscosity of the karyoplasm decreases by hydration and the chromonemata are thought to be in the state to conjugate easily .
These four spirals gradually grow in spirals and become thicker and larger , getting its matrix around them. The growth-rate of the matrix and chromonemata do not go parallel , so the chromosome is in unbalanced state and the chromonemata are easily broken into banded structure.
According to the position of the genes , the modes of the elongation and the breakage must be constant. According to the form of the ring portion which has been produced by the breakage of chromonemata and the relation with the matrix various figures of the salivary chromoses may be produced .
In the early stage of development of the salivary gland cell the chromonemata are seen to be one, but gradually show two chromonemata , running parallel or twisted each other, having the matrix around them respectively (Geitler 1934 , Bauer, 1935 , Frolowa 1937 at almost all the portions in some cases (Patau 1935 , Geitler 1938 , Heiz 1934 , run parallel in separate state or fit inside each other in other cases (Geitler 1939 (Geitler , 1950 . It is advocated mainly in Drosophila by Koltzoff (1934) , Bridges (1935) , Bauer (1935 ), Heitz (1935 ), Frolowa (1936 , 1937 ), Painter and Griffen (1937 and Buck (1937) etc. that the chromonemata divide longitudinally, producing the skelton of the salivary chromosome. In Chironomus, however, the banded structure itself is the de formedfigure of the chromonemata which sometimes divide longitudinally in some portions (Berger 1940 , Sengun 1948 , Yuasa 1950 .
It has been observed in Drosophila by Heitz and Bauer (1933) and Frolowa (1939 Frolowa ( , 1937 , that the two conjugated chromosomes which have the banded structure twist each other,
showing the spiral form, but in Chironomus it has been seen that two chromonemata which will become the bands of the salivary chromosome, in future, twist each other,
showing the spiral structure.
The longitudinal strings which was thought to be resulted from the longitudinal division of the chromonemata was observed by Bauer (1936 ) Muller (1935 ), Painter (1935 and Frolowa (1936 Frolowa ( , 1937 and others. The present author also often observed the same struc ture.He, however, thinks that this structure is rather one which is produced from the change of the matrix.
The chromonemata is to be pulled by the method of micromanipulation from the salivary chromosome when it is treated in adequate time. This experiment was undertaken by Buck (1942) and Hinton (1948) . Hinton observed the spiral structure in various portions of the salivary chromosome. Sinot6 and Wada (1950) confirmed the spiral which was pul ledout from the salivary chromosome in Drosophila and Chironomus.
In nature the chromonemata easily change into the banded structure owing to the unbalanced state of the chromonemata and matrixes. So when the salivary chromosome which is contained in the nucleus and is vital is treated with the fixative after the treat mentwith various reagents which make soften or destroy the matrix, the salivary chro mosomeshow often the chromonemata which are spiral. According to this principle the aceto-carmine solution makes clear the chromonemata of the salivary chromosome after the treatment with the aqueous solution of NH4Cl, KNO3, KCl, KOH or NH4OH (Yuasa 1950) . Summar 1. In the nucleus of the salivary gland cell of the Chironomus larva which has just hat chedfrom the egg, four thick and short chromonemata are visible. In telophase of the preceeding mitosis of the salivary gland cell eight chromonemata are thought to conjugate into four pairs and become four chromonemata.
2. The four chromonemata become gradually longer and larger, getting the matrixes around then. They are thought to be very unbalanced state and are easily broken, because the elongation and enlargement of the chromonemata and the matrix do not go parallel 3. In every one of these four chromosomes two conjugated chromonemata becomes gradually to be separated and are seen to run parallel in some cases, to twist each other or to fit inside each other in other cases. Sometimes the chromonemata are seen to be composed of tertiary chromonemata (Sinoto and Yuasa 1925) .
4. Then the chromonemata are broken into the banded structure. The chromonemata are often seen clearly when stained the salivary chromosome with aceto-carmine solution after the treatment with the aqueous solution solution of KCl, KNO3 KOH, NH4OH or NH4Cl and softening or destroying the matrix (Yuasa and Sinoto 1950) .
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